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STATEKili^f OP Tha value of visual instructional materials in 

THE PROBLEM . . 

facilitating cLassroom instructioii has be©n recognized 

for some tim^. Research has clearly estabLished th^ 
UB-md "for carefully prepared and organised materials to 
effectively augment oral instrxiet ion. . Rasearch has 
beani less conclusive, however, in identifying those 
design oharacteristics %^hich contritauted to improved 
Isarner achievement £ron\ visual materials as well as 
examining the effert on the learning process of varia- 
tions within each of those design factors, 

h sBcon&^ serious weakness liss in the fact that 
much of this, research has failed to take individual 
leairnier diffierances into account:* 

It has been ganerally accepted that all individ-- 
ualE do not lesrn optimally from th& same materials or 
at the same rate of speed,. It wuld appear then, that 
a significant int.:raction would exist betv/een an 
individual's ir.ental abilities and the type of instruc-- 
tional materials i^hich promote optiiRuin learning. 

The need for such research has becoma increasingly 
apparent iii rocent years. Numerous public agencies 
and private corporations nov market great quantities 
of visual Instructioiial materials and dsvices for the 
production of such materials. Teachers, instructional 
devalopers and graphic designersp hoW'Bver , havvs not 
been pTOVidad with a set of research-basad guidelines 
for tha urn and maraipulation of deaign factors such as 

3 

EKLC 



color, complexity, contrast and raallsm in thm dmmlqn^ 
selection, and utiliratlon of visuals for instEuctiDnal 
parpo ms. The resuLt ot t^his inequity has>. in many 
cases / led to thm production of visuals which interfere 
with ratter than, aid in^truotion. 

Dtaring the past itfty years ^ numerous stuclies have 
been cooducted cDncerTning the relative effectiveness 
of visual materials in facilitating student achieve- 
ment. A serious limitation of these studies is that 
the \risyal materials were usually treated bb entire 
units rather than as combinations of many distinct, 
type,s o£ cues or stimulus elements. Wo attempts were 
made to systenatically identify and GKamine feliase 
elOTents within a visual display ^rhich cantrlButad to 
the iniprDvecl learning. Rather, the practice of com- 
paring iiistruotional materiala as entire mits aon-- 
founded any attampt to isolate amd quantitatively 
define those aharaoteristics which may have aided 
laarriiung and those which impeded learning* 

The use of color in Instruotioiial i^aterials is 
one eleiTOnt which requires further investigatioa. 
Color has lo»ng hemn consider od a aignificant factor in 
the dealgn of visuals for instructional applicatioris . 
Its m^.^ however^ has usually been deterntined by 'two 
conaiderations totally unrelated to its possible 
ef fQCtiveness as a facilitator of learning* These 
faators^ the aeathetic appeal of eolor over black and 
white illustrations and the considerably higher 
prodaction cost of color visuals have worked/ althDugh 



at opposite endSp to detenniiie thG instructional use 
of this variable. 

One reason for this misjudgmant of priorities has 
been the fact that the great majority of the research 
regarding calor has bean inconcliisiv^ . In a survey 
of a nmtiber of studies relating to the color variable ^ 
Otto and A.skov' (1968) concluaed that '^the cue valua 
of color in learning is still essentially unclear. *' 

Even more limited research has focused on varla/- 
tions within the color mode as a means whereby its 
effect as a cueing device may be more precisely stated. 

The purpose of this study was to investigate the 
interaction between different types of color cueing 
techniques and the individual difference variable of 
learnei" I.Qo as evidenced by scores on five tests of 
learner achievement* Both immediate acquisition as 
well as delayed retention effects vera examined, 

Tvm theoretical orientations bear a close rela- 
tionship to the role of color in visual learning and 
its assoaiatad research. These Drlentations both deal 
with the question of realism or coniplexity in learning 
from illustrations. 

The first I a group of theories collectively 
referred to as '-realism theories" by Dv/yer (1967) 
include the iconicity theory of Morris (1946) ^ Dale's 
(1946) cone of SKperience and the surrogate fidelity 
theory of Gibson (1954). All of these theories are 
prsJicatea on the assumption that the nore realistic an 
instructional device^ the wore ©ffectlvely it will 
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facilitata learning* This assumption is based on the 
notion that tha inore realiitic materials will present 
more visual cums to the learner and thus, give him 
more information with which to w^^rk. Justification 
for this assumption is provided by the basic theory c>£ 
stimulus genaraliaation and the concept of cue 
surnmation ^ 

A conflicting orientation, however, has also 
drawn wide support. This group of theorists and 
researchers has suggested that the ^'realism theories" 
do not accurately describe ho^ vieual instructional 
materials function in learning ^ and in fact, may be 
in direct contradiction to the true situation. 

Broadtoent (1958, 1965) has described the huinan 
information processing system as a single-channel, 
limited capacity system which ha refers to as the 
P-system, This system functions much like a filter in 
that, in times of high information reception, not all 
information perceived is immediately processed and 
stored. Hather, the P-^system filters out all informa- 
tion beyond its capacity and holds this "overflow^* 
for later processing* The overflow may possible block 
other incoming / relevant information, Jacobson 
C1950, 19S1) further supported thlo contention and 
indicated that only a small percentage of all informal- 
tion perceived is effectively stored and utilized by 
the nervous system. 

Horking fromi the theory of Broadbent, Travers 
(1964:) focused specifically on the question of realism 
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in instructional materials. He suggestea that, to deal 
with a complex environment, the nervous system must 
simplify inputs and perceptions. To acliieve this end, 
Travers described a process knoim as "ccmpression. 
In describing this phtanomenonr he indicated that to 
maKimise the instructional effectiveness of visuals ^ 
it may be necessary to discard some elements of a 
visual vfhich contain little informatiQn « This pDsition 
is supported by empirical research condiiated by Cherry 
(1953), Attneave (1954), Spaulding (1956), Gorinan (1972) 
and m^/yer (1972). Thm studies reported by Dwyer 
represent the single, most comprehensive group of 
studies in this area. Ha found strong evidence to 
indicate that the most realistic visuals are not 
necessarily the most affective in promoting student 
learning. The relevance of visual realism to the use 
of color is readily apparent. Color in a great many 
visual illustrations can represent a significant con-- 
tribution to the realism depicted in those visuals* 

Research related specifically to the use of color 
has, similarly, been inconclusive. In a nun^ier of 
studies investigating the use of color in instructional 
visuals (VanderMeer^ 1952; Kanner and Rosenstein^ I960, 
1961; Kat^man and iiyenhuis, 1972) it was generally 
concluded that color has no significant effect on 
learner achievement. 

More recent studies, however, have reported con- 
flicting data* Color ^;as found to be a significait 
design factor in lesearch conducted by Boarne and 
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Restle (1959), Saltz {1963), Underwood (1963), Dwyer 
(1972) and Lai^erski (1972). 

The Cact that learners var/ considerably in mental 
abilities has been recognized for some time« It has 
similarly been acknowledged that different types of 
instructional materials are necessary to optimise 
learning by individuals v;ho differ on organismic 
variables such as I*Q* 

The need for research which explores the relation-^ 
ship between the individual differences of learners 
and the selection of appropriate instructional 
materials and strategies has been widely noted, most 
recently by Snow (1970)* Snow has suggested the use 
of Aptitude Treatment Interaction Analysis (ATI) as a 
reliable means whereby this relationship may be studied. 
Specifically^ ATI involves a situation in which the 
effects of different treatments (treatment variable) 
are related to aptitudes or attributes of the subjects 
(organismic v^ariable) . In this study^ learner I.Q. was 
selected as the organismic variable since it is con-- 
sidered to be a valid indicator of learning ability* 

SPECIFIC When the results of those studies related to 

ORIENTATION 

OF THE compleKity or color are taken into consideration, it 

PRESENT STUDY ' 
seems apparent that, as Otto and .^skov (1968) indi-- 

cated, the "cue value of color" is not clear« Limited 

research has focused thm effect of variations within 

the color mode of presentation as a means whereby the 

cue value of color may ba more adequately investigated 

^ and dascribed. The basic question ^ therefore, to 
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which this study adrassed itself was: In what manner 
does color function as an instructional variable? 

Ti;o alternative explanations appear possible. 
First/ that color provides an additional dimension of 
realism which results in the learner attaining a more 
complete or realistic image of the event or object,^ or^ 
second, color funGtions only as a coding or cueing 
device v/hich facilitates storage and retrieval or the 
image or information. If the former alternative is 
true/ then a realistic color visual should facilitate 
retention of material to a greater degree than a non- 
realistically colored visual. If the latter alterna- 
tive is true, then all types of color visuals should 
function equally well in facilitating retention of 
material. Similarly , all forms of color could also be 
expected to be superior to black and v;hite visuals in 
promoting the learning of material related to specific 
educational objectives. 

The purpose of this study to compare the 
relative effectiveness of two forms of color cueing^ 
used in visual materials to facilitate the learning and 
retention of meaningful rnaterial by students possessing 
different I.Q* levels. Specifically, the tx^o forms of 
cueing devices can be identifiGd as realistic and non- 
realistic color. Realistic color being representative 
of the use of realistic colors which present the 
learner v;ith a relatively realistic version of the 
object or scene described, and non-^realistic color 
being representative of the artificial use of color 
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solely as an additional visual cue which has no rela- 
tion to the actual color of the object or scene, 

A conunon problem in the literature deals with the 
task of designing equivalent materials to test the 
color hypothesis. The very nature of the color visual 
militates against attainment of equivalenae* Specif- 
ically^ the use of color in a visual adds a much 
greater number of visual cues to the display, resulting 
in a greater amount of available information* Accord-^ 
ing to what the research has indicated, the greater 
quantity of information would appear to require more 
time to be perceived^ pros:essed and stored. Thie would 
perhaps explain why color effeots appaared primarily 
in a number of self^paced studies reported by Dwyer. 

The present study attempted to eliir^inate the lack 
of equivalence by equating the actual numJ^er of visual 
cues presented t^hile simultaneously altering the type 
of color cueing device. By photographically reversing 
the original color image of the visual, the exact 
nu^er of color cues may be held constant, yet the 
resulting color still functions as a cueing or coding 
device. 

It would appear, that since the task of assigning 
values to all color cues presented in a given visual 
could be virtually iifipossibla, this means of control- 
ling the nuiTiber of cues would offer a fruitful means 
of investigating the effects of color as a cueing 
device- 

Specifically, this study attempted to answer the 
following questions t 10 
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1. Are all types of instructional visuals equally 
effective in facilitating learning by 
individuals who diffsr in their level of I.Q.? 

2. Are certain types of visuals more effective 
in reducing learning differences attributable 
to individual learner differences (I.Q. 
levels)? 

3. Ar?> certain types of instructional visuals 
moat affective in facilitating learning by 
individuals at specific mental ability levels? 

Based on the answers to these research questions, 

it should be possible to formulate uoaable rruiaelinGS 

for tailoring instructional materials to the needs of 

specific Isarners or groups of learners in such a way 

as to optimize the achievsment of set instructional 

objectives . 

The materials ertiployed in this study .-OTSisted of 
six instructional programs on the human heart, its 
parts and its functions during the diastolic and 
systolic phases presented by mQans of slides and audio 
tape. This instructional unit was developed by Dwyer 
(19 07) and has undergone extensive validation with over 
5000 students. Each of these programs contained a 
series of visuals intended to complement the same oral 
script. Tti70 sets of visuals were prepared in realistic 
color and two sets were produced in non-realistic color 
by means of photographic reversal. The remaining two 
sets vmre prepared in black and v/hite and non- illustra- 
ted fornatSr respectively. 

Photographic reversal was used as a means of 
producing visual materials in which th© total number of 

visual cues v/ere held constant while the dagree of 
O 11 
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realism (color - realistic or non-realistic) could be 
manipulated. 

In this case^ all colors v/era systematically 
reversed to their opposite or coiiiplenientary color^ 
i»a, reds and browns were reversed to blues ^ grays 
and greens; yellows to violet and u^hites to black, 

?leasurernent of achievement ^slb accomplished by the 
use of five tests developed by D\/yer for the evaluation 
of student achievenient in the areas of drawing^ identi-- 
fication, terminology comprehension and total under-- 
standing . 

XPERIMENTAL The. data for this study were obtained from 224 

ROCEPURE 

undergraduate college students enrolled in the Basic 
Inatructional iledia course at the Pennsylvania State 
University* 

During orientation sessions to the course^ all S'a 
v/ere requested to complete two pretest instruments ^ the 
Otis rtental Abi lity Test (Form FM) and a general pro- 
test in the content area. 

F/ubjects were randomly assigned to one of siK 
treatment groups (treatinent variable). These treatment 
groups received the same oral presentation; however # 
each of the six groups received their own respective 
type of visual illustration. These aroups represented 
(1) non--illustrated; <2) black and white shaded 
drawings, (3 & 5) realistic color drawings; (4 & 6) 
non'- realistic color drawingo, 

Imrnediately after participating in their respect- 
ive Instructional treatment, S's were adininistared the 
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battery achie^'emeht t^sts - B^^ wetkfi later stuaeiits 
met again tot the delayed posttest battery. 

Based on scutes obt^in%c3 tjcm th.e Otis Mefltal 
Ability T«it (SoJm m), -ehrQ-el^Q. levels were 
esta3)liih«d. Cutoff poiriti ena-half standard de-vi^tion 
above and belo"V/ -the ttiean wet* selected to defi-ne tne 
high, aveiagi md low l,Q, l«veis. CSee lalala 1) 

All tefit data weit jioritialiaad to T scorap 
{^-5 0; S.d = 10) to facili tate data aiialysis atid 
comparison, • 

Analysis off covarlafice ■^'as aelected as a neanS of 
aiialyiing' tJii data- lindqui at US 53) hag indi-cated 
that the preciaton of an experlrient way be increased 
considerably by use of aJialjrsis off covariance whsn the 
correlati^on bstween t.U adjxj-stiiig -vaariaile <oovariate) 
ana the criterion variables is tigh. A. Pearsoti Iroauofc 
moment Qc^trelmtLm wa-s condij-Cted between each of the 
tmnedtat© aid aelayad acJiiavemeyit postt^esta and the 
general content area pretas-p measiires. In all- 
insttocea, the pea*scs»n Qo:rralstlqn coef fioient was 
significantly diffecent itOKi zeJO at the .01 level . 
Accordingly , thJ-s jretsst m^asuJa was used aa an. 
adjusting variable in th.« artialysis of flovariartce. 

m fchose cases '^her« a sig-aiifficant F-ratio at tbe 
. 05 le-val \^as iiidleatid % ^ha analysis of covariaJice, 
fur-fchei analysts v^rm eoaidu^tad between all possible 
pairs et adjusted jneans -via thm Sohef £6 itsfithod. 

Analysis of bcth th-e irfJnaa iate and delayed test 
sco^QS by nwans of analysis of covardable pioduced two 
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interactions, significant at the p ^',05 level as well 
as seven ittain effects. Of thsse, four ware significant 
at th.e p <.05 level and three at the p < ,01 level of 
signtflcance. Sin of the significant F- ratios oc- 
curred in the imtiedlate posttests and three occurred in 
the delayed postteits. The significant P-xatlos 
obtained are suinmarized in Table 2. 

TABLE a 

StJMtiARy OF SIGNIFICANT P-RATIOS OBTAINED 





Test 


r 


P value 




Drawing Test 
Iritaraction 


2.08^ 


*0275 




Identification Test 
Color riain Effect 


2.74* 


,0204 


Iiramedlate 
Posttest 


Terminology Test 
Color Hain Effsct 


3.21^* 


.0002 




Tarmtnology Test 
I*Q. Main Effect 




,0016 




Total Test 

Color Hain Effeot 




.0133 




Total Test 

1,0, Main Effect 


6.17** 


,0025 




Tarmino]L.ogy Test 
I.Q, Main Effect 


4,32* 


,014S 


Delayed 
Posttest 


Coittpreheasion Test 
Interaction 


2 .04* 


.0310 




Total Test 

I^g, tlain Effect 


3,28* 


.0396 



*P <.05 **P C.Ol 
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Tables 3 ana 4 presejit the adjusted weans and 
standard deviations for eaah tr^atmeat group and test 
for botli the liimiediate and delayed tasting sitiiattoris 
respectively. 

Multiple compariions between aditisted means oon- 
ducted by the ScheftfS procedura art sunvnarxEed in 
Table 5. Mo significaiit patr-w^ise compa^isous waL^a 
produced oa the delayed posfeteBt© du© to the Inhweiit 
QonsarvatlBTO ot the Scheffe test, 3t was einployeaf 
hovev^er^ becaaae it is exact rathar than approKiitiate 
for unequal group sizes ^ 

Based on the statistical aaalyaiB of the data, 
the follDviag results becoitie apparaiits 

Drawing Test : 

1. Lower I.Q* students achiaved significaiitly lower 
on bDth the non-illuatrfttaa, oral/verbal traatment 
and the noa-raalistle colcr I treatment* 

2, Tho biaclc and white and rcaHatia color tre^tinants 
reduced the aahieveraent dlfferanoes betwaen 
indiv^iauals at all mental ability lev^els. 

Identification Testi 

1* No indLv^ldual l^Q* level differed glgnlCicaiitly' 
from any other on the attainment of the identlffi- 
eatian objactive as measared by this testt 

Terminology Tests 

1. r#oi^ar le^el I.Q. sub j acta achieved sigriif laantly 
lo^ar on both the non-llliistrateai oral/varbal and 
the reallBtic color II treatment* 

2, The high level I.Q. learners eoored significantly 
higher than the average I.Q. learners on tha non- 
realistic color II group, 
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3. MthDugh non-significant at the *05 level, the low 
I,Q. leval subjects achieved higher than th© aver* 
age I,Q* subjects in. the non-realistic color II 
treatment group- 

4, High and average I.Q* subjacts in the realistic 
color 11 group and high I.Q. sabjects in the non- 
realistic IS color group achieved significantly 
higher scoria than any other group or I^Q, level,. 



Comprahansion Tastt 

1, No individual I.Q. level differed significantly 
from any other on the attaininant of the comprehen- 
sion objective as measured by this test* 



DELAVEP 

POSTTEST 

FINDINGS 



Total Test I 

1, Lower level I*Q* students achieved significantly 
lower on both ttm non-illustrated, oral/varbal and 
the realistic color II treatment, 

2* High level I.Q, subjects scored significantly 

higher than average on lov/ level subjects on the 
non-'realiotic color II group ^ 

3. High and average I,Q* subject® in the realistic 
color II group and high I.Q. imdividuals in the 
non*r#aliatic color II group scored significantly 
highar than any other group or l.Q, level. 

Although a signifieant interaction (Comprehension 
Test) and I,Q. mmim effects {Terrninology Test and Total 
Test) were indicated^ no pair wimm comparisons ware 
found to be significant (P < .05)* The reason for this 
finding apparently lies in the fact that the 0chef £e 
procedure is extremely conservative* This teat was 
employed because of the existence of -v^idely differing , 



RESULTS 



EKLC 



Based om the above findl^gSf a nmriDsr of mmmm^ 
statements can be niades 

1. The mm of visualisation in Instructional materials 
tends to facilitate student learning^ 

20 



19 



2. Wot all types cf instructional visaals are equally 
effective In promotiiig learner attaiiiment of 
yarioiis educational objectives i» 

3* EKtrema realism in instructional visuals aoes not 
appear to aid learning by etudents at lo^mr I.Q. 
levels, 

4, The u^a of black and white visiials reduces the 
achievement differences due to the individual 
difffarence faotor of learner I^Q, 

5, Styli2ad or unrealistic coloring off instruatiorial 
visuals serves to inorease student learning only at 
kigher I,n# leveLSi 

6, The realism hypothesis is generally supported as 
a descriptor of ^isualiEed learnitig by high and 
average I*Q* individuals when color is used as a 
realism dimansiont 

7, The realism hypcthesis does not appear to be a 
valid predictor of perfonnance by Lower I.Qt learn* 
ers when visuals are used to augimeTit verbal 
instruction* 

8* fiGifcher the dcigrGo off color realisin nor individual 
iiantal. ability differences appear to be^ignificant 
factors in facilitating the retention of material 
after a period of six waeJcBs 

* 

The findings of this study seem to indicate that 
the realism theories*' do not^. in all cases ? serve as 
a descriptor of hov individuals learn from visualized 
instruction. Rather,, it would appear that an inter- 
action exists betvjeen the degree of visual realism in 
terms ©£ color and individual mental ability differ^ 
encee. This interaetion has the fDllo^lng ipacific 
implications . 

Lo^er I.Q* students appear to achieve equally well 
under different types of color or blacte and white 
visuals^ ^y type of visualization which accompanies 
verbal instruction, ho%raverr appears to Improve 
learning by these inaividuali. It vrould seem that the 
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visuals provided "basic" or "relevant" information 
necessary for learning of the matarial. The use of 
visuals possibly eupplied a ''spattal" relationship 
between each of the parts or locations discussed in 
the verbal instructional material. The fact that the 
additional inforination provi^'led by color did not further 
improve learning would seem to indicate that this 
information was perhaps perceived and processed, but 
not actually needed or used In making the required dis- 
criminations or forming necessary concepts. 

Learners of average level I.Q. appear to have 
made further use of the color cueing device in the case 
of realistic color visuals. These learners apparently 
used the visual to supply not only a spatial structure, 
but used the additional realism as a device whereby 
th^ could categorize parts and locations for future 
recall. It should be noted however that non-realistic 
color did not in all cases aid this group. This fact 
may be indicative of confusion resalting from an 
unfamiliar (and therefore difficult to categorize and 
recall) stimulus array 1 

The high I.Q. level students were able, in some 
eases, to malce use of the non-realistic color as easily 
as other students used realistic color cues . 
Apparently the unfamiliar coloring did not confuse 
these students as it may have with other X.Q. levels. 
Conversely, this form of cueing technique did not 
appear to produce the most effective learning. The 
differential effects of these materials on varying 
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levels of I.Q, does not appear significant after a 
period of six weeks* It would seam that the spatial 
structure of the visual is most iinportant, viith color 
adding only a secondary series of cues. Apparently 
these cues are given a lower priority in memory storage 
and are therefore forgotten first. Since most learning 
is intended to be of a long term nature, this finding 
would have significant ImpliGations for the design of 
most instructional materials. 

The results of this study indicate that a signifi- 
cant interaction does exist between an individual's 
level of mental ability (I*QJ and the type of 
instructional visuals most effective in facilitating 
learning by the individual. Several specific conclu- 
sions are readily apparent i 

1, The use of visuals to augment verbal instruction 
tends to improve learning. 

2, The use of rQlatively simplified visuals contain- 
ing no irrelevant color cues tends to reduce dif- 
ferences in learning attributable to individual 
mental ability differences, 

3, The use of realistic color visuals to supplement 
verbal instruction appears to improve learning 
by upper and average I,Q. learners^ but not by 
lower I*Q* learners* 

4* The "realism" hypothesis is supported with regard 
to average and above average I.Q, students^ while 
the "informatlon^lnterference" approach appears to 
apply to lower l.Qi individuals* 

5. The differential learning effects of various types 
of materials are only teit^orary and cease to be 
of any signifioance after a period of several 
weeks ^ 

This study has provided strong evidence to support 
thm contention that instructional materials must be 
designed to meet the needs of individual learners • 
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Designers of such materials should give close att&ntioii 
to aiialy^ing the needs and characteristics of the 
intended audiencs beforG proceeding to design or prof- 
ducG a particular instructional package incorporating 
visual materials. Attention should^ howeVGr, also be 
given to the nature and purpose of the material to be 
learned. If it is necessary that it be retained for 
long periods of time^ the added expense of visuals may 
not be warranted. This question of retention over long 
periods of time should be further explored, in greater 
depth than has bean done thus far. 

Additional research should focus on the effects 
of different types of visualisation techniques and 
color cueing in particular, on specific types of human 
learning^ 
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